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                             Abstract

   During the volcanic activities of the Mt. Usu volcano, Hokkaido Island, Japan, in 

August 1977, atmospheric electrical observations, especially atmospheric electric field strength 

(potential gradient), charges on volcanic ash particles together with spatial concentration 
and size of ash particles were carried out at the school grounds of Sobetsu Junior High 

School, Sobetsu Town. The township is located approximately 5km east-northeastward 
from the crater of Mt. Usu, and the observations were made from August 9 to August 

15, 1977. 

   Although the atmospheric electric field strength showed undisturbed values from a 

calm night to the early morning, immediately after a sea breeze commenced blowing in the 

morning the atmospheric electric field showed an abrupt negative shift and distinct changes 

were seen as shown in Figs. 3~5 and 11, an the other hand, when the volcanic ash 

particles fell the atmospheric electric field changed violently to positive alternating to 
negative again and vice versa incessantly. The values of the electric field exceeded ±15,000 

V*m-1 when coagulated large ash particles fell. The inverse relationship between the 

polarities of the electric field and the net falling ash particle current held. 
    In laboratory experiments with volcanic ash particles, relatively smaller ash particles 

were charged more negatively than larger ash particles. This came from friction. It is 

considered that our experimental results adequately explains the negative atmospheric electric 

field recorded in dust storms of volcanic ash swept away from the ground surface.

1. Introduction 

  Mt. Usu, one of the active volcanoes in Hok-

kaido Island, Japan, erupted abruptly in the 

morning of August 7, 1977. Further, the 

eruption continued some dozen times till August 

9, 1977. It has long been known that electric 

activities occur in the volcanic clouds, especially 

thunders and lightning,s in the active volcanic 

clouds above the craters. However, we have very 

few reports on the observations of atmospheric 

electrical disturbances in falling ash particles 

during eruptions. Hatakeyama (1958) summarized 

his work made with his collaborators in which 

they made observations of the disturbances of 

the atmospheric electric field caused by the 

smoke-clouds of the volcano Asama-yama located 

on the border of Gumma and Nagano Prefectures 

during the period from 1941 to 1945 using 

electrograms. Further they discussed the disturb-

ances recorded by a Benndorf's electrometer

caused by the smoke-clouds of the volcano Yake-

yama located in Niigata Prefecture in 1949. 
Moreover, they observed with a portable electro-

meter the disturbances near the crater of the 

volcano Aso in 1950. On the other hand, Nagata 

et al. (1946) observed the disturbances of the 

point discharge current caused by the volcanic 
smoke of the volcano Sakura-jima located in 

Kagoshima Prefecture in 1946. Further, Ishikawa 

et al. (1950) observed the electric field and space 

charge in and around the volcanic smoke of the 
volcano Azuma-yama located in Gumma Prefec-

ture in 1949. Because many of these observations 

were made on the smoke-clouds using a 

Benndorf's electrometer or portable electrometer, 

a question arises whether the records truly follow 

the disturbances of atmospheric electric field of 

the very violent short periods. 

  Recently, Anderson et al. (1965) observed the 

electricity in volcanic clouds over Surtsey, 

Iceland, from a fishing vessel. They used a
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portable electrometer and a radioactive probe 

mounted on an insulator above the deckhouse 

to measure the atmospheric potential gradient. 

In their case, continuous records were not 

available, so the data were taken intermittently. 

 As these atmospheric electrical observations 

described above were mainly measurements of an 

atmospheric electric field in volcanic smoke-

clouds, we made simultaneous observations to 

measure directly the electric charges on falling 

ash particles and the atmospheric electric field, 

continuously. 

2. Observation site and equipments used 

  In the volcanic eruptions on August 8, 1977, 

the lightning was reported, we went to near the 

actual site of the volcano on August 9. For the 

observations of atmospheric electrical properties 

of the volcanic smoke-clouds and falling ash 

particles, the school grounds of the Sobetsu 

Junior High School, Sobetsu Town located ap-

proximately 5km east-northeastward from the 

crater of the Mt. Usu volcano was selected as 

our observation site as shown in Fig. 1. Equip-

ments used there were two field mill type electro-

meters for the observations of atmospheric elec-

tric field strength, a vibrating reed electrometer 

for the electric charges on falling ash particles, 

a Cascade impactor and Gardner counter for 

aerosol concentration and a microscope for size

of ash particles. One of chart recorders for 

electric fields was operated at a rate of 60mm* 

hr-1 continuously and another was a 300mm* 

hr-1 in a case of an eruption. 

3. Observation results 

3.1 Disturbances of the atmospheric electric 

    field caused by the blowing volcanic ash 

    particles 

  There were a few centimeters of depth of 

falling volcanic ash on the school ground surface 

around the observation site on account of the 

eruption from August 7 to 9, 1977. Further-

more, volcanic ash was deposited on the trees, 

therefore, they appeared to be grayish from dark 

green. As a general meteorological feature in 
the observation area, it was very calm in night-

time. As a result, the electric field showed no 

disturbances and a fair weather value as shown 

in Fig. 2 was seen. In this figure, the ordinate 

and abscissa show the electric field strength as 

a standard of the fair weather value, as unity, 

at this site and time scale, respectively. However, 

when the wind blows at relatively high speed, 

the deposited ash particles are blown up from 

the ground surface and off the trees, and then 

the electric field showed a characteristic disturb-

ance. Fig. 3 shows a typical example of the 

disturbance caused by the blowing volcanic ash. 

In this figure, the cloud amount, cloud form,

Fig. 1 Location of the observation site.
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Fig. 2 Calm condition of the atmospheric electric field.

Fig. 3 Disturbances of the atmospheric electric field on August 10, 1977, caused by the 

   blowing volcanic ash.

wind direction and wind force are shown respec-

tively on the upper part of the time scale. In 

this example, although the electric field showed 

the fair weather value under the relatively calm 

condition until around 11:00, the sign of the 

field changed negatively and suddenly reached 

approximately 15 times of the fair weather value 

at around 11:20. The disturbance of the electric 

field corresponded to the wind gust, that is, to 

the strength of the blowing ash. The value 

reached 20 times of the negative sign under the 

condition of three tenths of fracto-cumulus (3 

Cu) and three of the wind force from the south 

(S-3) at 12:00. The value gradually decreased 

under a weak wind (W-2) at around 13:00, how-

ever, the value increased under relatively moder-

ate wind (SSW-3) at 14:00. Fig. 4 shows a simul-

taneous observation of the electric field (lower

half) and electric current of volcanic ash (upper 

half) caused by the blowing. The observation 

time shown in the figure of electric current is 

only one minute at around 15:29, therefore, it 

corresponds to the abrupt negative disturbance 

of electric field at the same time. A sign of 

electric current of blowing volcanic ash showed 

large negative values corresponding to the con-

dition of negative electric field. It is not clear, 

what is moderate positive values following the 

large negative values. Although it is assumed 

that they must be caused by frictional effect 

between the different sizes of blowing volcanic 

ash particles, since the space charge affecting 

the electric field is a net electric charge summed 

up by the charges by large negative, moderate 

positive and other signs, the electric field shows 
a negative value during blowing volcanic ash.
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Fig. 4 Disturbances of the atmospheric electric field on August 11, 1977, caused by the 

   blowing volcanic ash (lower) and a record of the electric current on blowing volcanic 

   ash particles (upper).

Fig. 5 Disturbances of the atmospheric electric field on August 12, 1977, caused by the 

   smoke-cloud of the Mt. Usu volcano and the blowing volcanic ash.
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As described above, disturbances of the atmos-

pheric electric field caused by the blowing 
volcanic ash showed a characteristic short period 

variation under the condition of the negative 

electric field. 

  There are a few reports of the disturbances 

of atmospheric electric field available caused 

by dust storms (Budge, 1912, 1913, 1914; 

Deodhar, 1926). According to them, the electric 

field prevailed negatively in many cases. Further-

more, according to Hatakeyama and Kubo (1944, 

1945) and Uchikawa (1949, 1951) who measured 

the electric field under the conditions of dust 

storms by means of Benndorf's electrometer, the 

field changed its positive or negative signs de-

pending on wind velocity, however, negative cases 

prevailed on the whole and the maximum values 

showed *2*3,000V*m-1. Recently Kikuchi 

(1973, 1975) reported a negative electric fields 

caused by dust devils during the hovering of a 

helicopter or caused by drifting snow. Patterns 

of the disturbances caused by the blowing

volcanic ash are the same as that caused by 

the dust devils or by drifting snow, however, the 

absolute value caused by blowing volcanic ash 

is larger than that caused by the above-mentioned 

phenomena. It is surmised that the reason why 
a large absolute value in the case of blowing 

volcanic ash is recorded is because the volume 

of wind blown volcanic ash is larger than that 

of dust devils or by drifting snow. 

3.2 Disturbances of the atmospheric electric 

    field caused by the volcanic smoke-clouds 

  It was very calm under the condition of eight 

tenths of cloud amount (8 Sc, Cu), two of wind 

force in southeasterly (SE-2) at around 08:00 

August 12, 1977. Consequently, the electric 

field showed the fair weather value from mid-

night to that time. However, at around 08:20, 

the electric field changed abruptly to negative 

under the similar weather conditions as recorded 

at each hour in Fig. 5. According to a volcanic 

activity report by Katsui et al. (1978), a weak

Fig. 6 Disturbances of the atmospheric electric field on August 13*14
, 1977, caused by 

   the falling volcanic ash.
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volcanic eruption was recorded from 08:12 to 

09:00 in which the height of the volcanic 

smoke-cloud reached to approximately 2,500m. 

Furthermore, this eruption was recorded by a 

time-lapse 16mm movie camera operated by the 

present workers. Therefore, it is expected that 

a weak negative disturbance of electric field 

recorded from 08:20 to 09:05 was not caused 

by blowing volcanic ash, but by volcanic smoke-

clouds. Since the smoke-cloud is driven by south-

easterly or south-southeasterly winds, the smoke-

cloud gave but a small effect to the electric field 

at our observation site which was about 5km 

to east-northeastward from the crater. A rela-

tively large disturbance of the electric field at 

around 11:00 resulted from the blowing volcanic 

ash described previous section.

3.3 Disturbances of the atmospheric electric 

    field caused by the falling volcanic ash 

    particles 
 A medium scale of the eruption of Mt. Usu 

occurred between midnight of the August 13 and 

the early morning of August 14, 1977. Accord-

ing to the volcanic activity report by Katsui et 

al. (1978), the duration of the eruption was esti-

mated to be from 22:37 to 01:55, and the height 

of the smoke-cloud was estimated to be approxi-

mately 3*4,000m. The smoke-cloud was driven 

by a weak west-southwesterly wind and brought 

the falling volcanic ash to our observation site 

directly. A disturbance of the electric field was 

seen from 23:10 as shown in Fig. 6. A negative 

electric field from 23:10 to 23:45 was expected 

as an effect of the smoke-cloud. Therefore, a 

direct effect to the electric field by the falling

Fig. 7 Photographs of falling volcanic ash collected on glass slides.
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volcanic ash was expected from 23:45 to 02:30. 

Especially, during one hour from 01:00 to 02:00 

on August 14 as seen in Fig. 6, the disturbance 

was subject to sharp fluctuations of periods and 

amplitudes, and the absolute values extended 30 

times over the fair-weather value of positive and 

negative alternately. 

  During the sharp fluctuations of electric field, 

falling ash particles were collected directly on 

glass slides coated with silicone grease and were 
measured for the apparent size of particles. 

Letters P 1 to P6 in Fig. 6 show the collection 

time and each photograph is shown in Fig. 7. 

Fig. 8 shows the apparent size distributions of 

falling ash particles presented in Fig. 7. In Fig. 

8, the ordinate and abscissa show the flux of ash 

particles and diameters respectively in both 
logarithmic scales. When the spatial concentra-

tion is very high, and the maximum diameter is 

very large as shown in P3, and the positive elec-

tric field was predominant. However, the rela-

tionship between the electric field and size distri-

bution of falling volcanic ash particles was not 

clear because of the variation of the field disturb-

ance was very violent. In all cases, when the 

volcanic ash particles become relatively larger in 

size, each large ash particle was composed of a 

number of coagulated small particles. Therefore, 

when they collected on glass slides they dispersed 

to small particles. As our observation site was 

down-wind of the eruption, we could not observe 

any lightnings due to the highest spatial con-

centration of falling ash. However, in the up-

wind areas of the crater, lightning and thunder 

were frequently observed. Fig. 9 shows typical 

examples of the volcanic lightning and thunder 

above the crater. During this volcanic eruption, 

relatively high speed records of the electric field 

and electric current of falling ash were obtained. 

Fig. 10 shows the net falling ash current (upper 

part) and the electric field (lower part) from 
01:40 to 02:20, August 14, 1977. As clearly 

seen in Fig. 10, a strong negative electric field 

was predominant from 01:45 to 02:18. A gain 

of the amplifier of electric field was operated by 

one half during 01:57 to 02:08. When the electric 

field changed from positive to negative at 01:45, 

the electric current of falling ash changed from 

negative to positive simultaneously. Therefore, 

an inverse relationship between the polarities of 
electric field and charge on precipitation particles 

held in the case of falling ash particles. 

  Owing to this eruption, there was a 6cm 

depth of new fallen ash around the observation

Fig. 8 Apparent size distributions of falling vol-

    canic ash particles shown in Fig. 7. 

site. After 03:00 when there was no effect due 

to the eruptions and volcanic smoke-clouds, the 

atmospheric electric field maintained the fair-
weather value described in the previous section 

until around 08:00. However, the electric field 

recorded a large disturbance from 08:00 under 

the condition of grade 3 of wind force as shown 

in Fig. 11. The maximum peak recorded reached 

over 30 times of the fair-weather value in nega-

tive polarity and the general feature of disturb-

ance was more violent than that described in 

Figs. 3*5. It is thought therefore that the large 

and violent disturbance was caused directly by 

the fresh and dry blowing volcanic ash particles. 

  On the following early morning, the obser-

vation site was subjected to thunderstorms. The 

disturbance of electric field caused by the 

thunderstorms is shown in Fig. 12. The electric 

field recorded the fair-weather value until 02:30 

August 13, after that the field recorded a 

moderate disturbance until 03:15 and further
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Fig. 9 Photographs of volcanic lightning on August 14, 1977. Courtesy of Prof . Y. 
   Katsui.
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Fig. 10 Disturbances of the atmospheric electric 

   field on August 14, 1977, caused by the falling 

   volcanic ash (lower) and a record of the electric 

   current on falling volcanic ash particles (upper), 

until 03:50, the field showed sharp fluctuations 

of off-scale values of positive and negative alter-

nately. Comparing the record with that of falling 

volcanic ash particles shown in Fig. 6, it was 

estimated that the magnitude of disturbance of 

atmospheric electric field during falling volcanic 

ash particles from the volcanic eruption was 

larger than or nearly equivalent to that during 

active thunderstorm in medium scale.

4. Frictional experiments using volcanic ash 

   particles 

  With the objective of clarifying the atmos-

pheric electrical phenomena in the cases of vol-
canic smoke-clouds and blowing volcanic ash 

particles, there are a few reports on the fric-
tional experiments of volcanic ash particles and 

sand particles. Uchikawa (1949) carried out the 

experiments of electrification of sand and soil 

particles. Further, Hatakeyama and Uchikawa 
(1950) carried out the same experiments using 
volcanic ash particles of Mt. Aso and Mt. Asama. 

And they obtained the results that relatively 

larger particles have positive charges of 0.004 

esu*g-1 on the average, and that relatively 

smaller particles have negative charges of 0.108 

esu*g-1 on the average in the cases of frictional 

experiments using volcanic ash of Mt. Aso. 

Contrary to this, on the other hand, they showed 

that relatively larger particles have negative 

charges of -0.027esu*g-1 on the average, and 

relatively smaller particles have negative charges 

of -0.089esu*g-1 on the average in the case 

of Mt. Asama. However, they pointed out that 

the relatively small particles have a tendency 

to obtain positive charges more frequently. 

Therefore, based on these results, they suggested 

that there was a different frictional electrification

Fig. 11 Disturbances of the atmospheric electric field on August 14, 1977, caused by the 

   blowing volcanic ash.
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Fig. 13 Schematic figure of the laboratory experi-

    ments.

Fig. 12 Disturbances of the atmospheric electric 
   field on August 13, 1977, caused by thunder-

    storm. 

between volcanic ash particles at Mt. Aso and 

Mt. Asama. Stow (1970) made an experiment 

of frictional electrification between cylindrical 

nozzles made of different selected materials and 

different sand samples and he concluded that 

generally the sand particles were charged nega-
tively. 

  During the volcanic eruption from the mid-

night of August 13 to the next early morning, 

we collected falling volcanic ash particles direct-

ly into large vinyl bags to make frictional experi-

ments and brought the trapped samples back to 

our laboratory. 

4.1 Preliminary frictional experiments using 

    volcanic ash particles 

  Frictional experiments were carried out using 

the arrangement as shown in Fig. 13 except for 

electric current. Volcanic ash particles filled a 

spoon which was supported in the upper part 

of the arrangement fell on a V-shaped angle 

aluminum trough and they slid down and caused 

friction with the angled aluminum trough of a 

length of 35cm. After that the particles fell 

into a Faraday cage connected to a vibrating 

reed electrometer, and the static electricity pro-

duced was recorded. Results obtained are sum-

marized in Fig. 14. Volcanic ash particles were 

divided into seven groups from about 10*m to 
1,000*m in diameter. The size distribution of 

these groups had a tendency to show peaks at

  Fig. 14 Results of the laboratory experiments. 

about 50*m of the group 6 and at about 500*m 

of group 3. On the other hand, the density of 

these particles was in a range between 2.5g*cm-3 

and 2.7g*cm-3 except for group 1 of 2.34 

g*cm-3. Showing as a charge per unit area 

(Q/S) to charge produced during friction in 
every group, the range of charge produced was 

between -4*10-3 and -1*10-3esu*cm-2 

as shown by white triangles except for group 1. 

It was impossible to make the experiment be-

cause of the sample volume of group 1 was 

very small. On the other hand, showing as a 

charge per unit mass (Q/m) to charge produced 

during friction in every group, the range of
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charge produced was between -50 and - 2 

esu*g-1 as shown by solid circles except for 

group 1. The average charge for all groups 

except for group 1 was approximately -50 

esu*g-1 and the average charge for the mixed 

group of 3 and 6 was approximately - 40 

esu*g-1. In any event, volcanic ash particles 

of all groups gained negative charges during 

friction with the angled aluminum trough. 

4.2 Frictional experiments between volcanic ash 

    particles 

  Further frictional experiments were carried out 

using the arrangement as shown in Fig. 13. In 

this case, volcanic ash particles adhered to the 

V-shaped angle aluminum trough covered with 

a film of water. Therefore, the charges on ash 

particles slid down and the V-shaped angle 

aluminum adhered with ash particles were 

measured simultaneously by two separate electro-

meters. Typical examples of the experiments are 

shown in Fig. 15. In this figure, the letters of

Fig. 15 Typical records of the laboratory experi-
    ments. 

Q and I mean the charge on ash particles which 
fell in the Faraday cage and current which was 

obtained by the V-shaped angle aluminum 

adhered with ash particles, respectively. Further, 

the words of large, small, and mixed mean large 

particles, small particles, and mixed particles 
composed of large and small particles, respec-

tively. From these examples, it was recognized 

that there was a tendency showing that the large 

particles obtained positive charge and the small 

particles obtained a negative charge. A series 
of the experimental results is shown in Table 1. 

From this table, it was concluded that the rela-

tively larger particles have a tendency to acquire 

a positive charge and relatively smaller particles 

have a tendency to acquire a negative charge, 

especially, the ash smoke produced by a puff

Table 1. Results of the laboratory experimentss

on ash particles have a very large negativ* charge. 

From these results, the grade of electrification 

by frictional experiments from positive charge to 

negative charge is as follows; large positive charge 

of angle used, larger particles, smaller particles, 

and large negative charge of ash smoke. 

5. Concluding remarks 

  During the volcanic activities of the Mt. Usu 

volcano, Hokkaido Island, Japan, in August 

1977, atmospheric electrical observations, es-

pecially atmospheric electric field strength (poten-
tial gradient), charges on falling volcanic ash 

particles together with spatial concentration and 
size of ash particles were carried out at a 

temporary observation site located approximately 

5km east-northeastward from the crater of Mt. 

Usu from August 9 to August 15, 1977. And 

further, accompanying them, frictional experi-

ments using volcanic ash particles were made in 

our laboratory. As a result, the following con-

clusions were made. 

 A disturbance of atmospheric electric field 

caused by the volcanic smoke-cloud showed 

negative polarity similar to that obtained by 

Hatakeyama (1958). However, a disturbance of 

the field caused by the falling volcanic ash 

particles was subject to sharp fluctuations of 
short periods and large amplitudes and the 

absolute values extended 30 to 150 times over 

the fair-weather value of positive and negative 

alternately. And this absolute value was esti-

mated larger than or nearly equivalent to that 

during an active thunderstorm in medium scale. 

  Deposited volcanic ash particles were blown 

from the ground surface and off trees, and the 

electric field showed a characteristic negative 

disturbance such as recorded in dust storms, 

dust devils, and drifting snow. In general, the
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polarity of disturbed electric field was negative, 
and the short period disturbances were over-

lapped. Especially, when the blowing volcanic 

ash particles were fresh and dry, the magnitude 

of the disturbance recorded over 30 times of the 

fair-weather value in negative polarity. Materials 

that gave rise to negative electric field were 

clarified by direct measurements and laboratory 

experiments in which small deposited volcanic 

ash particles acquire negative charges when they 

were blown. 

  In the frictional experiments between volcanic 

ash particles, there was a tendency that showed 

large particles obtained positive charges and that 

small particles obtained negative charges. This 

tendency was similar to the volcanic ash particles 

at Mt. Aso in a report by Hatakeyama (1958). 

Although the chemical composition of volcanic 

ash at Mt. Usu was dacite and it was closer to 

the andesite at Mt. Asama than mafic andesite 

at Mt. Aso, the electric polarity was similar to 

that of the results at Mt. Aso. The result was 

not clear, however, because actual falling volcanic 

ash particles were composed of mostly coagulated

small ash particles and in laboratory experiments 

it was a very difficult to reproduce the com-

position of these particles. Therefore, it was 

considered that the mechanism of charge gen-

eration in an eruption of volcanoes will depend 

on the chemical composition and the above-

mentioned phenomenon. There were a number 

of reports on lightning and thunder near the 

crater of the volcano during active eruptions. 

Thus it appears that the main charge generation 

will occur during active eruptions. It is thought 

therefore that our laboratory experiments explain 

the negative electric field caused by blowing 

volcanic ash particles rather than that of the 

charge generation by actual eruption. 
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              Appendix 

 As the photographs of volcanic lightning are 

very interesting, a few examples of them are 

shown in Figs. 16*18 by courtesy of the amateur

Fig. 19 An example of PPI radar photographs of volcanic smoke-clouds 

   taken by Sapporo District . Meteorological Observatory, 17:42 August 

   8, 1977.

Fig. 20 An example of RHI radar photographs of volcanic smoke-clouds taken 

          by Sapporo District Meteorological Observatory, 17:14 August 8, 1977.
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camera-man. Figs. 19 and 20 show PPI and 

RHI radar photographs of volcanic smoke-clouds 

taken by Sapporo District Meteorological Ob-

servatory. Smoke-clouds are pointed by arrows. 
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1977年有珠山噴火に伴う降灰粒子の大気電気的性質

菊 地 勝 弘 ・遠 藤 辰 雄

北海道大学理学部地球物理学教室

1977年8月7日 午前,北 海道南西部支笏洞爺国立公園内に位置する有珠山が突然噴火を始め,近 隣町村に降灰

をもたらし,ま た噴火に伴って雷鳴,電 光が記録されたので,8月9日 から15日までの1週 間,噴 火口の東北東

5kmに 位置する壮瞥町壮瞥中学校校庭で,主 として大気電気的観測を行った。

大気電場は夕方から翌朝まで,ほ とんど晴天電場値を示したが,風 が吹 き始めると,地 表面や樹木に積ってい

た降灰粒子が空中に舞い上 り,そ れと同時に電場は負に急変し,時 には晴天電場値の20～30倍 を記録した。特に

降灰直後の新 しく乾燥 した粒子が舞い上げられた時は更に大きな変動の値を示したが,い ずれの場合にも負電場

であった。ー 方,噴 煙雲(8月12日 の例)に よる電場も負の変動を示 したが,噴 煙雲と観測点の位置関係が影響

していた。8月13日 夜半から14日早朝にかけての中規模の噴火に伴い,観 測点が直接降灰を蒙ったが,電 場は正

負に大きく変動 し,そ の値は*15KV・m-1以 上と推定された。また降灰粒子と電場 との間には,降 雨,降 雪時

に認められるような逆相関関係が認められた。

8月13日 か ら14日にかけての噴火に伴 う降灰粒子を直接大きな ビニール袋に捕集し,摩 擦実験を行った。その

結果,比 較的小さな粒子は大きな粒子に比べて負の電荷を獲得することがわかった。このことは,降 灰粒子が地

表面から吹き上げられた時に記録される負の電場を説明していると結論づけられた。これは砂塵や砂嵐の時 と同

じ傾向を示した。


